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(57) Abstract: A user equipment (UE) is configured to receive from a base station a semi-persistent scheduling (SPS) configuration
for physical downlink shared channel (PDSCH) transmissions wherein multiple PDSCHs are transmitted within a single period of
the SPS, the SPS configuration including a parameter for a number of hybrid automatic repeat request (HARQ) processes associated
with the SPS configuration, receive from the base station a downlink control information (DCI) transmission for activating the SPS
configuration, the DCI including a HARQ process ID for one of the PDSCH transmissions in the SPS configuration, wherein the UE
determines a maximum number of PDSCH transmissions allowed within the single period based on the parameter for the number of
HARQ processes associated with the SPS configuration, validate the DCI to determine time domain resources to use for the PDSCH
transmission and receive from the base station the multiple PDSCH transmissions within the single SPS period.
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Configured Grant Operations for Multiple PUSCH

Technical Field

This application relates generally to wireless communication
systems, and in particular relates to configured grant
operations for multiple PUSCH.

Background Information

F0001] A user eqguipment {(UE) may be configured to establish a
connection with a network, for example a 5G New Radio (NR} radio
access network (RAN). NR gpecifications defining operations for
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34,

GHz

»f higher subcarrier spacings (SCSs)
The shorter slot lengths associated

a larger number of &

Some uplink (UL} and/or

are in devel L OpmentT,

cluding suppc

; €.9., 480kHz, 960kHz,

with these higher

configured to repeat periodically, which may be referred to as
grant-free scheduling or configured grant (CG) for UL
transmissions and semi-persistent scheduling (5PS) for DL
transmissions. In the increased freguency range {>52.6 GHz),
multiple UL and/or DL transmissions may be scheduled in a sgingle
period of the configured UL/DL grant. However, a pericdic grant

,~-|
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comprising maltiple UL/DL transmissi

specification, relative to periodic

~
AU

DL transmission.

[0003] Some exemplary embodiments
of a user eguipment {(UE) configured
operations inciude receiving from a
persistent scheduling (SPS) configura

ons requires further

grants comprizsing only
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shared channel (PDSCH) transmissions wherein multiple PDSCHs are

transmitted within
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configuration including a parameter for a number of hybrid

automatic repeat request (HARQ) processes assoclated with the
SPS configuration, recelving from the base staticon a downliink
control information (DCI) transmission for activating the SPS

configuration, the DCI including a HARQ process ID for one of

e
D
av)
2
(@)
bt
.
-+
In]
5
n
=
p)
}.‘l .
)
()
}.‘l
O
=3
]
i_l
[
b
-+
L)
b
O]
69
]
(j"\
9]

onfiguration, wherein the UER
CH transmissions a
within the single period based on the parameter for the number
0of HARQ processes assoclated with the SPS configuration,
validating the DCI to determine time domain resources to use for
the PDSCH transmission and recelving from the base station the

multiple PDSCH transmissions within the single SPS period.

F00047] Cther exemplary embodiments are related Lo a processor
0of a base station configured to perform operations. The

operations include tramnsmitting to a user equipment {(UE) a semi-

persistent scheduling (SPS) configuration for physical downlink
shared channel (PDSCH) transmissions wherein multiple PDSCHs arx

configuration including a parameter for a number of hybrid

automatic repeat request (HARQ) processes assoclated with the

SPS configuration, transmitting to the UE a downlink control

configuration, the DCI including a HARQ process ID for one of
the PDSCH transmissions in the 3PS configuration, wherein the UE

determines a maximum number of PDSCH transmissicons allowed

~
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within the sin

b
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le period based on the parameter for the number

of HARQ processes assoclated with the SPS configuration and

transmitting to the UE the multiple PDSCH transmissions within
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[0005] Still further exemplary embodiments are related to a
processor of a user equipment (UE) configured to perform
sperations. The operations include receiving from a base
station a configured grant (CG) configuration for physical
uplink shared channel (PUSCH} transmisszions wherein multiple
PUSCHs are transmitted within a singlile periocd of the CG, the CG
configuration including a parameter for a number of hybrid
automatic repeat request (HARQD) processes associated with the CG
configuration, recelving from the base station a downlink

control information (DCI) transmission for activating the CG6
configuration, the DCI including a HARQ process ID for one of

the PUSCH 1r configuration,

Cransmissions

determines a maximum number

within

the single period based on the

S .
cess S&

of Pro 38 associated with

wherein the

validating the DCI to determine time domain resources to use for
the PUSCH transmission and transmitting to the base station the
multiple PUS transmissions within the single CG period.

000867 Additional exemplary embodiments are related to a
processor of a base station configured to perform operations.
The operations include transmitting to a user equipment (UE) a
configured grant {CG) configuration for physical uplink shared
channel (PUSCH) transmissions wherein multiple PUSCHs are
transmitted within a single periocd of the CG, the CG
configuration including a parameter for a number of hybrid
automatic repeat regquest (HARQ) processes assocliated with the CG6
configuration, Transmitting to the UE a downlink control
information (DCI) transmission for activating the CG
configuration, the DCI including a HARQ process ID for cne of

the PUSCH transmissions in the C
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Brief Description of the Drawings

[00C7] WS

Fig. 1 sho

an cXe

mplary network arrangement

according to various exemplary embodiments.
[0008] Fig. 2 shows an exemplary UE according to various

ezxemplary

ezenplary

thod £«

according to

embodiments.

Oor a seml-persistent scheduling
{(5P3) configuration and activation for multiple PDSCH according
Lo various exemplary embodiments.

fO0111] Fig. 5 shows a method for a configured grant {(CG)
configuration and activation for multiple PUSCH according to
various exemplary embodiments.

0012} Fig. 6 shows a flowchart for retransmissions in a
configured grant having multiple PUSCH transmissions in a single

o various

Detailed Description

[0013]

The exemplary embo

exemplary embodiments,

diments may be further understood

with reference to the following descripticn and the related
ppended drawings, wherein like elements are provided with the

4
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PVl

same reference numerals. The exemplary embodiments describe

operations to support nmultiple physical downlink shared channel

5

PDSCH) transmissions and/or multiple physzical uplink shared
channel (PUSCH) ransmissions within a single period of a

periodic grant. According to scme aspects of the present

disclosure, operations are described to support mulitiple PDSCH
transmissions in a single period of a semi-persistent scheduling

determining the HARQ process IDs for these PDSCH transmi

and design considerations for the downlink control information

Ip}

{DCI) activating one or more of the configured SP5.

F00147] According to other aspec

LD

perations are described to support multiple PUSCH tran

in a period in a configured grant (CG) configuration, Iincluding,

for example, operations for determining the HARQ proce Ibs for

ocess 108 I¢

these PUSCH transmissions and design considerations for the DCI

LD

ctivating one or more of the configured CGs.

o]

[0015] According fo still other aspects of the presen
disclosure, operatlions are described to sup
and procedure for retransmissions of transport klocks (TBs) of a
CG having multiple PUSCH transmissions in a period of the CG,

ferentiate the DCI for
determine the resources for the retransmissions of multiple TRs.
F0016] The exemplary embodiments are described with regard to

sperations performed by a user eguipment {(UE). However,

reference to a UE 1ls merely provided for illustrative purposes.

The exemplary embodiments may be utilized with any electronic

component that may establish a connection to a network

¢
i
o
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3
o
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configured with the hardware, software, and/or firmware to
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sxchange information and data with the network.
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UE as described herein is used to represent any
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clectronic component.

(00177 The exemplary aspects are described with regard to the
network being a 5G New Radio (NR} network and a base station
being a next generation Node B (gNB)}. However, the use of the

5G NR network and the gNB are provided for illustrative
purposes. The exemplary aspecis may appliyv to any type of network

that utilizes similar functionalities.

[oo18] Fig. 1 shows an exemplary network arrangement 100

M

according to various exemplary embodiments. The exemplary

.

rl-]
0
I

cludes a plurality of UEs 12.

network arrangement 100 in | 110,
Those skilled in the art will understand that the UEs may be any
type of electronic component that is configured to communicate

ey

5
1
L

via a network, e.g., a component of a connected car, a mobil
phone, a tablet computer, a smariphone, a phablel, an embedded

device, a wearable, an Internet of Things (IoT) device, etc. It

[95]
jn
%
)
&
-
o)
53]

1150 be understood that an actual network arrangement may
include any nunber of UEs being used by any number of users.
Thus, the example of two UEs 110, 112 is merely provided for
illustrative purposes. In some of the exemplary embodiments

described below, groups of UEs may be employed to conduct

F0019] The UEs 1106, 112 may communicate with one or more

o

networks. n the example of the network configuration 100, the
11

networks with which the UEs 110, 2 may wirelessly communicate

are a 56 NR radioc access network (56 NE-RAN) TE radic

[
N
()]
L
o
p-i
=}

ccess network (LTE-RAN) 122 and a wireless local access network
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) 124. Therefore, the UEs 110, 112 may include a 5G NR
chipset to communicate with the 56 NR-RAN 120, an LTE chipset to
communicate with the LTE~-RAN 122 and an ISM chipset ©
communicate with the WLAN 124. However, the UEs 110, 112 may

aiso

¥l
o)
o
]
@]

ate with other types of networks (e.g., legacy
ellular networks) and the Ufs 110, 112 may alsc communicate
with networks over a wired connection. With regard to the
exemplary embodiments, the UEs 110, 112 may establish a

connection with the 5G NR-RAN 120 and/or the LTE-RAN 122.

F0020G7 The 5G NR-RAN 120 and the LTE-RAN 122 mav be portions
of cellular networks that may be dep

{e.g., Verizon, AT&T, T-Mobile, etc.}. These networks 120, 122

may include, for example, cells or base stations (Node Bs,

ot

eNodeBs, HeNBs, eNBS, ¢gNBs, gNodeBsg, macrocells, microce
small cells, femtocells, etce.) that are configured to send and

recelve traffic from UEs that are eguipped with the appropriate

0]

cellular chip set. The WLAN 124 may include any type of wireles

local area network (WiFi, Hot Spot, IEEE natworks,

FO0211 The UEs 1106, 112 may connect to the 5G NR-RAN 120 via
at least one of the next generation ncodeB (gNB) 120A and/or the
gNB 1Z0B. The gNBs 1202, 120B mavy be configured with the
necessary hardware (e.g., antenna arrav), software and/or
firmware to perform massive multiple in mu
functionality. Massive MIMO may refer fo a base station that is
ronfigured to generate a plurality of beams for a
UEs. Reference to two gNBsg 1Z20A, 1Z0B is mere

purposes. The exemplary enbodiments may apply Lo any appropriate

the UEg 110, 112 may simultaneously

connect to and exchange data with a plurality of gNBs in a
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multi-cell CA configuration. The

to the LTE-RAN 122 via either or

to any other type of RAN, as menti
arrangemnent 100, the UE 110 ig sh

tThe gNB 12CA, while the UE 112 is

to gNB 1208B. The UE 110 connection

to certain exemplary embodiments,

greater than 52.6 GHz.

F00221 In addition to the network

o)
120, the Internet 140, an IP Multi

N

k¥ services backbone 1€

h

a networ

50,
may be considered to be the inte

that manages the operation and traffi

[0023] The IMS 150 mav be general
architecture for delivering multim
using the IP protoccel. The IMS 150

cellular core network 130 and the I

nultimedia services to the UE 111

with the Internet 140 and the cellular

extend the functicnalities of the

(€]

-]

incl

QJ
:;L

services

communica

60 1s in communicaticon either

twork services backbone 160 may
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also connect

122A, 122B, or

connection to

a connection

124 the

ular core network

(IMS) 1506, and

re network 130
components

lular network,

.S an
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,..J
‘;_.i
(@)

the UE

te with the

provide the

gservices

described as a
arrangements,
be used to

nication with
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[0024] Fig. 2 shows an exemplary UE 110 according to various

exemplary embodiments. The UE 110 will ke described with regard

Y
>
-
]

to the network arrangement

e N i T v e P N PR NI e B § —~ ~ “ e NS
represent any electronic device and may include a processor 205,

(I/0) device 220, a transcelver 225, and cother componen

he other components 230 may include, for example, an audioc

input device, an audio cutput device, a battery that provides a
limited power supply, a data acguisitlion device, ports to
electrically connect the UE 110 to other electronic devices,
gensors to detect conditions of the UE 11C, etc. The UE 110
illustrated in Fig. 2 may also represgent the UE 112.

[0025] The processor 205 may be configured to execute a
pilurality of engines for the UE 110. For example, the engines
may include a periodic grant engine 235 for performing
operations including receiving a semi-persistent scheduling
{(5P3) configuration in which multiple transport blocks (TBs) are

receiving a configured grant (CG) configuration in which
multiple TBs are scheduled for transmission in a single period

e
ctivation DCI for cone of the 5PS or G configurations and
perform data transmissions in accordance therewith, Lo be
explained in further detail below.
[0026] The above referenced engine being an application
{e.g., a program) execulted by the processcry 205 1z onliy

5
1
L

exemplary. The functionality associated with the engines may
also be represented as a sgeparate incorporated component of the
UE 110 or may be a modular component coupled to the UE 110,

e.d. an integrated circuit with or without firmware. For
ot 4 e
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example, The integrated circuit may include input circuitrv to
g I'4 , 2 z

receive signals and processing circuitry to process the signals

and other informeticn. The engines may alsc be embodied as one
application or separate applications. In addition, in some UEs,

the functionality described for the processor 205 is split among
Twe or more processcrs such as a bkaseband processor and an
applications processor. The exemplary embodiments may be

implemented in any of these or other configuraticns of a UE.

[00271] The memory 210 may be a hardware component configured
to store data related to operations performed by the UE 110C. The
display device 215 may be a hardware component configured to
show data to a user while the I/0 device 220 wmay be a hardware
component that enables the user to enter inputs. The display
device 215 and the I/C device 220 may be separate components or
integrated together such as a touchscreen. The transceiver 225
T

may be a hardware component configured to es

with the bG-NR RAN 120, the LTE RAN 122 etc. Accordingly, the

e

transceiver 225 may operate on a variety of different
frequencies or channels {(e.g., set of consecutive Iredquencies).

For example, the transceiver 225 may operate on the unlicensed

spectrum when e.g., NR-U is configured.

[0028] Fig. 3 shows an exemplary network cell, in this case
gNB 1202, according to wvarious exemplary embodiments As noted

above with regard tc the UE 110, the gNB 120A may represent a

cell providing services as a PCell or an

standalone configuration with the UE 110. The gNB 120A may

re

[¢h]

ent any access node of the 5G NR network through which the

(7.
w0

pre

P

JEs 110, 112 may establish a connecticn and manage network
operations. The gNB 120A illustrated in Fig. 3 may also

represent the gNB 120B.

16
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[0029] The gNB 120A may include a processor

arrangement 310, an input/output (I1/0) device 3
325, and cother components 3320. The other compo
include, for example, an audic input device, an

a battery, a data acguisition device, p

ot

rically connect the her elec

gNB 1204 to

ccessor 305 may be configured

~
=

PCT/CN2021/111052

305, a memory
20, a transceiver
nents 330 may

au
orts

cronic devices,

a
=

execulte

pilurality of engines of the gWNB 120A. For example, the engines
may include a periodic grant engine 335 for performing
operations including transmitting a semi-persistent schedulin
{SPS) configuration to a UE in which multiple transport blocks
{TRs} are scheduled for transmission in a single iod of the
SP3 and/or receiving a configured grant (CG} configuration in
which muitiple TBs are scheduled for transmission in a single
period of the CG. The periodic grant engine 335 may further
transmit an activation DCI for one of the SPS or CG
configurations, to be explained in further detail below.
[0031] The above noted engines each being an application
{e.g., a program) executed by the processcr 305 is only
exemplary. The functionality associated with the engines may
alsc be represented as a separate incorpcorated ccomponent of the
gNB 1Z20A or may ke a modular compcnent coupled to the ghNB 1204,
e.g., an integrated circuit with or without firmware. For

the integrated circuit may include input circuitry to
recelve signals and processing circuitry to process the signals

and other information. In addition, in some ¢gNRs, the
functicnality descrikbed for the processor 305 is split among a
plurality of processors {e.g., a baseband processor, an
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pplications processor, etc.). The exemplary em
implemented in any of these or other configuratic

310 may be a hardware compo

jow Y ay |92
o store data related to operations perfcrmed b

bodiments

PCT/CN2021/111052

may be

of a gNB

nent configured

(A

the UEs 110

112. The I/0 device 320 may be a hardware component or ports
that enable a user to interact with the gNB 120A. The
transceiver 325 may be a hardware component configured to
exchange data with the UEs 110, 112 and any other UE in the
system 100, The transcelver 325 may operate on a variety of

different frequencies or channels {(e.g., sef of consecutive
freguencies). For example, the transceiver 325 may operate on
unlicensed bandwidths when NR-U functionality is configured.
Therefore, the transceiver 325 may include one or more
components {(e.g., radios) to enable the data exchange with the
various networks and UEs.

[0033]
Rel-1no

C’

N
i
LD

channe

are designed for uses under 52.6 GHz. NR specif
defining operations for frequencies over 52.6 GH
development, including support of higher subcarr
{SCSs}, e.g., 480kHz or 960kHz. The shorter slo
associated with these higher SCSs corresponds to
of slots 1in a frame.

F0034] me uplink (UL) and/or downlink (DL}
configured to repeat periodically, which may be
grant-free scheduling or configured grant (CG) £
transmissicns and semi-persistent scheduling (SP

NS

transmissions. In the increased fr

g A

ier

referred to as

or UL

5) for DL
{(>52.6 GHz},



WO 2023/010486 PCT/CN2021/111052

multiple UL and/or DL transmissions may be scheduled in a single
period of the configured UL/DL grant. However, a pericdic grant

comprising multiple UL/DL transmissions necessitates further

specification, relative to periodic grants comprising only a
gingle UL/DL transmission.

FO035] A hybrid automatic repeat reguest (HARQ) operation

includes an acknowledgment/negative-acknowledgement (ACK/NACK)
nechanisn for indicating whether a transmitited packet was

successfully received or should be re-transmitted. In the NR

o™

system, a Stop And Wait (SAW) process 1s used for HARQ

operations, which relies upon the HARQ-ACK information from the
receiver before proceeding to transfer any further data. The
udes both transmitter
and receiver data processing times, as well as propagation
delays. More specifically, multiple parallel SAW processes,
e.g., HAR(Q processes, are used to avoeid the round trip time

having an impact on the throughput performance. For example, up

cf

o 16 paralliel HARQ processes may occur simultaneously for one

transmitter/receiver pair.

(00367

I._.‘
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§
o

persistent scheduling (SP

downlink transmission scheduling, a single SPS configuration can
be asscociated with multiple HARQ processes. In each SPS period,

a single transport klock (TB) is transmitted with a
corresponding HARD process ID, which is dependent on the slot
index for the PDSCH transmission. In this scenario, the HARQ

process ID 1s determined according to the following equation:

HARQ Process ID = [ floor {(CURRENT slot *10 /
{numberofSlctsPerFrame * periodicity))] modulo nrofHARQ-
Processes +harg ProclD-0Offset,

13
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wherein CURRENT slot = [ ({SFN * numberofSlotsPerFrame)+slot

number in the frame], wherein SFN refers to a subframe number.
[0037] In NR Rel-16 configured grant (CG) for uplink

cransmission scheduling, in type 2 CG, a single TB is
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HAR() Process ID = [floor (CURRENT symbol/periodicity}] modulc

D

nrofHARQ-Processes+ harg FProciDOffsetZ
wherein CURRENT symbol = (3FN x numberOfSlotsPerFrame x
numberOfSymbolsPerSiot + slot number in the frame x

DR L LG

numberOfSymbalsPerSlet + symbol number in the slot)

00391 In NR operation between 52.6 GHz and 71 GHz, the
following features may be supported for multi-PDSCH/PUSCH with a
single DCI. First, for a UE and for a serving cell, multiple
PDSCHs may be scheduled by a single DL DCI and multiple PUSCHs
may be sgcheduled by a single UL DCI, for example PDSCHs having
an SCS of 120 kHz, 480 kHz and 960 kHz and PUSCHs having a SCS
of 120k kHz, 480 kHz, and 260 kHz. Second, each PDSCH or PUSCH
may have individual/separate TB(s), and each PDSCH/PUS!
; for a DCI that can schedule

nultiple PUSCHs, a time domain (TDRA) tabkle

may be extended such that each g mualtiple

PDSCHs/PUSCHs {(that can be non-continuous in the time-domain!.
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indicated valid SLIVs in the row of the TDRA table signa

DCYI. This does not preclude continuous resource allocation in

| PTG vl vl - UL N { N
nodulation and coding scheme (MC!

only once in the DCI and apply commonly to tThe first TB of each
PDSCH. A new data indicatcr (NDI) for the first TB may be
signaled per PDSCH and applies to the first TB of each PDSCH. A
HARD process number 1z applied to the first scheduled PDSCH and

is dincremented by 1 for subseguent PDSCHs (with modulo

(004117 According fo certain aspects of

Fh
-
oy
=
[y
-
&)
Q
N
o
6]
o
F
(

-

operations are described to support multiple physical downlink
ipie physical

t
uplink shared channel (PUSCH) transmissions within a single

[0042] According to some exemplary embodiments, operations

o~

are desgcribed to support mnultiple PDSCH transmissions 1n a

e}
[¢h]
H

iod in a semi-persistent scheduling (SP3) configuration. The
first exemp

oIy

CLTNCT T on g T e e e - - i< . 3 .
PDSCHs that can be supported in an SPS period;

) how to

activating the SPS configuration, including NDI fields and HARQ
ess IDs in the activating DCI:; and 4) how to det

oce
TDRA for the multiple PDSCH in a SPS period.
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are describ
period in a

idancy

d

redur

ctivating

fields and

determine the TDRA for the multiple PUSCH in a
(00447 According to still further exemplary
operations are described to support the signali
for retransmissions of SPS with multiple PDSCH

nultiple
solu
retr

nultiple

o

-

retransmiss
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[00486]

embodiments, the ma

reriod may be upper

in the 3PS configura
SPS period. For exa
with X HARQ processe
of PDSCHs in a SPS p
[0047] In view of

period, the TDRA tab

PCT/CN2021/111052

to a first aspect of these exemplary

imum number of supported PDSCHs in a SPS
bounded by the “nrofHARQ-Process” parameter
tion to avold HARQ process reuse within a

the SPS configuratio

e.g., X=2 or ¥X=4, then the maximum number
ericd is X.
the maximum number of PDSCH in the SPS
le used by the UE to determine & time domain

resource assignment may be adjusted so that each table entry has
a number of SLIV wvalues equal to the maximum number of PDSCHs in
the 5PS period. The TDRA table entries mav be pruned by this
maximum number of HARQ processes (X)) according to any of at
least the following three options. In a first option, the first
X values of SLIV of a TDRA table entry are used. In a second
option, the last X values of SLIV of a TDRA table entry are
used. In a third option, the X values of 5LIV of a TDRA table
entry that are used are configurable by the network,

[0048] The SPS configuration is modified to support different
repetitions for different TBs, wherein each TB in a SPS period
has a different number of repetitions. The parameter “pdsc
AggregationFactor” provides the number of transmissions to be
applied to the TR, wherein “pdsch-AggregationFactor-list” is a
sequence of “pdsch-~AggregationFactor” parameters, each parameter

a di
may
option, the

*nrofHARQ-Processes”

fferent TB. the maximum

In one ¢

be a predefined wvalue, such as 8 or 4. 1In
maximum seguence length may depend on the
field in the 3PS configuration.

17
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[0049] In a second aspect of tThese exemplary embodiments, the
HARQ process 1D for multiple PDSCH transmissions may be assigned

according to any of at least the following three opticons. In a

first option, the HARQ process 1D is continucusly increased

Iy L R Y
within a period. In this cption, within each SPS pericd, the
TR ;

HARQ process ID for the first PDSCH transmission is based on the

existing formula for SPS Rel-16 discussed above. The subsequent
PDSCH transmissions within the same pericd (starting after the

first PDSCH ftransmission) have HARQ process IDs incremented by 1

with the modulo operation, independent of slot index.

[0050] In a second option, the HARQ process ID is

continuously increased over periods. In this option, for the

HARD process ID for the first PDSCH

O]

first SPS period, th

Transmlisslion 18 basec

on
(o

on the existing formula. The subsequent
PDSCH transmissions within the same period (starting after the

first PDSCH transmission) have HARQ process IDs incremented by

[

with the modulo operation, independent of slot index, similar to

(

the first cption. However, contrary to the first option, in the
second option, for the following SPS periods, the HARQ process
ID continues to be incremented by 1 with the modulo operation,

independent of slot index.

[0051] In a third option the HARQ process ID is dependent on

- - - Ll

the sliot index. In this option, each PDSCH transmission

regardless of its location within an SFPS period or over

different SPS periods, has its own Iindependent HARQ process

I R RN

-
:
3

calculation using the existing formula.

[0052] According to a third aspect of these exemplary

embodiments, The new data indicatcr (NDI) field in the

activation DCI for the SPS PDSCH is only a sgingle bit, even
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used only for wvalidating the activaticn DCI, so a unigue NDI

value for multiple PDSCHs is not required.

[0053] According to a fourth aspect of these exemplary

embodiments, SLIVs may be configured within each SPS

n one option, a TDRA table with correspondin

PS configuration, whereln

different TDRA tables are configured for SPS configuration andg

O]
po/}

for dynamic scheduling. n this coption, in the activating DCI

of the 3PS configuration, the TDRA table entry for SLIVs is no

longer used.

[0054] According to a fifth aspect of these exemplary
embodiments, the activating DCI for the SPS configuration may be

validated in the following way. In a first option, the HARQ

6)]

lest HARQ proces

4
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ID configured in the corresponding SPS configuration. In

n the BCI may be equal to
the largest HARQ process ID configured in the corresponding SPS

configuration. Based on the validation option used, the UE

ot

C

nows which SPS configuration is activated by the corresponding
I

HARQ process ID in the

[00B5] According to a sixth aspect of these exemplary
embodiment, for validating an activation DCI used to activate
nultiple 3PS configurations, the activation DCI may include a

ndicating which SPS configurations to activate

TDRA entry

ot
~

Joint

-1
} RS
- i

v . The sixth aspect is used in consideration of some SPS
configurations being unable to be used with some other SPS
_f_

configurations because these SPS configurations may have
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overlapped HARD process IDs. The TDRA entry in the
DCI indicates which SPS configurations to activate
[0056] Fig. 4 shows a method 400 for a semi-per

gcheduling

gurati

on and acti

PCT/CN2021/111052

activating

le PDSCH

according to various exemplary embodiments described herein. As
described above, the method 400 may be used when nultiple FDSCH
are configurable in a single SPS pericd. The method 400 is
described relative to the network arrangement 100 described
above in ¥ig. 1, including the UE 110 and the gNBE 120A of the 56
NR~-RAN 120,
FO057] In 405, the UE receives an SPS configuration from the
gNB via RRC signaling. The parameters included in the 3PS
configuration include a number of HARQ processes associated with
the SPS configuration. As described above in the first aspect
of these exemplary embodiments, the maximum number of HARQ
processesg parameter may correspond to the maximum number of
PDSCHs in the 8PS period. Further, the 3PS configuration may
include a sequence of “pdsch-AggregationFactor” parameters,
wherein sach “repK” and “pdsch-AggregationFactor” is assoclated
with a different TB. As described above in the fourth aspect of
these exemplary embodiments, the SPS configuration may also
include & TDRA table that is reduced to inciude a number of
entries equal to the maximum number of HARQ processes allowed.
fogs58] In 410, the UE receives an activation DCI from the gNB
Lo activate one or more of the 3PS configurations. The
ctivating DCI may inciude a TDRA le entry for the UE to
determine the tTime domailn resources for the SPS. When the TDRA
takble is provided by the network in 405, the activation DCI may
nolt include a TDRA table entry for SLIVs. If the default TDRA

20
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table 1s used, the activation DCI mayv include the TDRA table
entry for S5LIVs. In the activation DCI, the NDI may comprise

only a single bit, as described akove in the third aspect of

t
Lo
3
D
i

ary embodiments. The activating DCI furtl

ARG process ID for one of the PDSCH transmissions,

est or largest HARQ process ID used in the 3SPS

[C058] In 415, the UE validatesz the activation DCI and
determines the time domain resocurces to use for PDSCH
'S configuration. The UE knows whict

configuration{s) to activate by the corresponding HARQ process

[0060] In 420, the first S5PS period begins and the first
PDSCH transmission with the corresponding HARQ process ID 1s
received by the UE from the gNB. For subseguent PDSCH

D is determined according to
any of the options discussed above with respect to the second
aspect of these exemplary embodiments. For example, in one
option, the HARQ IDs may be incremented for PDECH transmissions

in

o)
J

within the period, then restarted for the n:

@]
b
&)

per

another option, the HARQ IDs are continuously incremented across

SPS periods. In still another option, the HARQ IDs are

calculated for each PDSCH transmission according to the existing

(0061} In 425, subseguent pericds of the SPS configuration
are started having mualtiple PDSCH transmissions. 2As discussed

above, the HARQ process IDs for the PDSCH transmissions within

the subsequent pericds are determined according to the cptions
described above. For example, the HARQ process ID may be
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calculated for the first PDSCH transmission in each period using

ot

the existing formula. In another coption, the HARQ pr

e TTN
rocess 1D

for PDSCH transmissions in the subseguent ¢

I rj
(D
[

O
Q,
4]
O
=
1
=
=
<
[
63}
ct
@]

o)
-
3
-
A
]
@
=
[0
s}
ot
(
[
-
(ON
o
e
ot
]
@
joy
o+
-
<
@
@]

=
O
S
(2
D
Q!
Ui
-t
b
T
—h
Py
9]
=
-+
o
]

the HARQ pr

<
4]
o]
(‘?‘
<
i_.l
O
[ON
[¥]
-
=
€]
¢t
}.‘l
}._.A
i._.(
QO
]
O
o
o
o]

O
<
ot
O
o]
-
1
oy
4]
o
ol
’/p
[\
T
=~
@]
Q)
D
n
)]
—h C'
O
e
83}
—
rd
]
wn
@]
e
r1

transmissions in all

of the periods of the 8P3 configuration are calculated using the

[0062] With regard to the exemplary embodiments related to

<

support multiple PUSCH transmissions in a pericd in a CG
configuration, the CG configuration may be designed according to

the fellowing considerations. It iz noted that these exemplary

embodiments are applicakle for type 2 C5 {(comprising an

[y e

activating DCI).

[0063] According to &

=3

h

ir

N

T aspect of these exemplary
embodiments, the maximum number of supported PUSCHs in a type 2

configured grant (CG) p

N

od is upper bounded by the

o

(J
[N

S

,\

rofHARQ~-

‘\\1,1
st

t-t

Process” in the CG configuration. Simi.

h
[y
]

1
O
1
oy

Laxr ne

exemplary embodiment, this parameter 1s used to bound the

ey

maximum number of PUSCH within the period to aveid HARQ process
reuse within a CG period. For example, if the CG configuration

is associated with X HARQ processes, then the maximum number of

[0064] Fach TDRA table entry may be pruned by this maximum

number HAR(O processes. Simil

&3}

r tc the exemplary embodiments
described above, in a first option, the first X wvalues of 3LIV
of a TDRA table entry are used. In a second option, the last X

'V of a TDRA table entry are used. In a thir

22
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opltlon, the X values of
are configurable by the
[006&5] According to

&l

period has

different RV sequences.
number of transmissions
iist” is a seqguence of

associated with a diffe
provides the RV pattern
wherein “repK -list”

each parameter assocliat
the maximum seguence le

or 4. optio
on the -Proces

PCT/CN2021/111052

SLIV of a TDRA table entry that are used
network.
a second aspect of these exemplary

n is modified t

o)
J

or different TBs, wherein each TB in a
different number of repetitions or

The parameter “repK” provides the

to be applied to the TB, whereln “repK-

“repK” parameters, eac parameter

rent TB. The parameter “repK-RV”

»lied to
of

to be apy the repetitions,

& seguence “repK-~-RV” parameters,

ed with a different TR. In cone option,
ength may be a predefined value, such as 8
n, the maximum sequence length may depend

£5

ses” field in the CG configuration.

[0066] According to a third aspect of these exenplary
embodiments, the HAR(Q process ID for multiple PUSCH
transmissions may be assigned according to any of at least the
fellowing three options, similar to the HARQ process ID
determination for S$SPS according to the exemplary embodiments
described above., In a first option, the HARQD process ID is
continuously increased within a CG period. In this option,
within each CG period, the HARQ process ID for the first PUSCH
HARQ process 1D is based on the existing formula. The
subsequent PUSCH transmissions within the same CG period
{starting after the first PUSCH transmission) have HARQ process

\/\7

th the modulo operatio independent of

23
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[00&7]

In a second option, the

continuously increased over periods
first CG period, the HAR( process 1
transmission is based on the existi

PUSCH transmissions within the same
first PUSCH transmission) have HARQO

HARQD ¢

kel

L

process I

g £

process 1IDs

PCT/CN2021/111052

-
1
A

incremented by

with the modulo operation, independent of slot index. n the
second option, for the following CG pericds, The HARQ process ID
continues to be incremented by 1 with the modulo operation,
independent of slot index.

[0068] In a third option the HARQD process ID is dependent on
the slot index. In this option, each PUSCH transmission,
regardless of its location within a CG period or over different

CG periods, has its own independent
using the existing formula.

AC

[0069] cording to

embodiments, SLIVs may be configure

HA

thes

-

e

each

ID calculation
exemplary

CG

configuration. In cone option, a TDRA tabkle with corresponding
SLIVs may be included in the CG configuration, wherelin different
TDRA tables are configured for CG configuration and for dynamic
scheduling. In this option, in the activating DCI of the CG
configuration, the TDRA table entry for SLIVs is no longer used.
[0070] According to a fifth aspect of these exemplary
embodiments, the activating DCI for the CC configuration may be
validated in the following way. In a first cption, the HARQ

process ID in the DCI may be equal to the smalle
ID configured in the corresponding CG configurati

option, the HARQD process ID in the DCI may be eg
largest HARQ process ID configured in the corr

process

In another
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on the

able to know which CG configuration is a
corresponding HARQ process ID in the DCI

.

PCT/CN2021/111052

the UE

[O0071] According to a sixth aspect of thess exemplary
embodiments, for wvalidating an activation DCI used to activate
multiple CG configurations, the activation DCI may include a
TDRA entry indicating which CG configurations to activate
Jointly. The sixth aspect 1s used in consideration of some CG
configurations being unable to be used with some other CG
configurations kecause these CG configuraticons would have
overlapped HARQ process IDs. The TDRA entryv in the activating
DCI indicate which CG configurations to activate dointly.
(00721 Fig. 5 shows a method 500 for a configured grant (CG)
configuration and activation for multiple PUSCH according to
various exenplary enmbodiments described herein. As described

above, the method 500 may be used when multiple PUSCH are
configurable in & single CG period. The method 500 is described
relative to the network arrangement 100 described above in Fig.
1, including the UE 110 and the gNB 1202 of the 53 NR-RAN 120,
[0073] In 505, the UE receives the CG configuration from the
gNBE via RRC signaling. The parameters included in the CG
configuration include a number of HARQ processes associated with
the CG configuration. As described >ve in the first aspect of
these exemplary embodiments, the maximum number of HARQ
processes parameter may correspond to the maximum number of
PUSCHs in the CG period. As described above in the second
aspect of these exemplary embodiments, the CG configuration may
include a sequence of “repK” and “repK-RV” parameters, whereln
each “repK” and “repK-RV” is soclated with a different TB. As

2

U
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00747 In 510, the UE receives an activation DCI from the gNB
to activate one or more of the CG configurations. The
activating DCI may include a TDRA table entry for the UE to
determine the time domain resources for the CG. When the TDRA
table iz provided by the network in 505, the activation DCI may
not include a TDRA table entry for S5LIVs., If the default TDRA
table is used, the activation may include the TDRA table

entry for 3LIVs. The activating DCI further includes a HARQ

;__4

process ID for one of the PUSCH transmissions, e.g., smallest

0

or largest HARQ process ID used in the CG configuration.

determines the time domaln res reces to use for FPUSCH

configuration{s) to activate by the corresponding HARD process

[0076] In 520, the first CG period begins and the first PUSCH
transmission with the corresponding HARQ process ID 1s received
by the UE from the gNB. For subseguent PUSCH transmissions, the
HARD process ID ls determined according to any of the options

discussed above with respect to the third aspec

t
ary embodiment. That is, in one optiocon, the HARD IDs may

exenmpl
be incremented for PUSCH transmissions within the period, then
restarted for the next period. In another option, the HARD IDs

- : . N
1

are continuously incremented across (CG periods.
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another option, the HARQ s are calculated for each PUSCH

transmission according to the existing formula.

F00771 In 525, subsequent periocds of the CG configuration are

e

started having multiplie PUSCH transmissiocons. As discussed

¢t
e}
&)

above, tThe HARQ process IDs for the PUSCH transmissions within

the subsequent periocds are determined according to the options

escribed above. For example, the HARQO process ID may be

et

lated for the first PUSCH transmission in each period using

o
.

calas

In another option, the HARQG process ID
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jma
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for PUSCH transmissicns in the subsegquent periods continues to
relative to the HARQ process ID for the
PUSCH transmissions in previous periods. In still ancother
option, the HARQ process ID for all PUSCH transmissions in all
of the periods of the CG configuration are calculated using the

existing formula.

[0078] According to the exemplary embodiments related to
retransmissions in the €6 with multiple PUSCH transmissions, the
gNB may receive/decode only a subset of the TBs. The missing
TBs may be assoclated with continuous HARD process numbers or

o

wn~-continuous HARQ process numbers.

3

=y
[

079] According to a first option, existing DCI fields are
used To differentiate the DCI for dynamic grant for

retransmissions of the CG and the DCI for activating/releasing a

CG. The NDI fields for all the PUSCH are set to zero in the DCI

for activating/releasing a CG with multiple PUSCH. If at least
I field for a certain PUSCH is 1 in the DCI, then the DICI

is for the grant for retransmissions of the CG. In the DCI for

the retransmissicon of multiple TBs, following the CG with

multiple PUSCH, the NDI field being set to 1 indicates the

27
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corresponding TB needs to be retransmitted. In the following it
ig assumed that a total of Y NDI fields are set to 1.

[00807 In a first use case, if the number (X)) of S5LIVs in the
TDRA table in the DCI is equal to the total number of PUSCH

supported in the CG, then the following opticns may be used. In
a first option, only the 5LIVs of the TDRA field corresponding
to the NDI with value 1 are considered as valid, while the other
SLIVs of the TDRA field in the DCI are invalid. In a second
option, the first ¥ SLIVs of the TDRA field are used, while the
remaining SLIVs of the TDRA field are not used. In a thirdg
option, the last ¥ values of the SLIVs in the TDRA table entry
are used In a urth opticn, only the configured Y wvalues of
the S5LIVs in the TDRA table entry are used.
FO0811 In a second use case, 1f the number of TDRA/FDRA
fields in the DCI is equal to the total number of NDI fields in
the DCI set to 1, there is one-to-one mapping between the
TDRA/FDRA fields and the retransmission TRs.
008217 Fig. © shows a flowchart 600 for retransmissions in a
onfigured grant having multiple PUSCH transmissions in a single
reriod. In 605, the UE receives a DCI from the network. In
610, the UE determines whether the cyclic redundancy check (CRC)
of the DCI is masked with CS-RNTI. In 615, if the DCI is masked
with CS-RNTI, then the grant is a dynamic grant.
[0083] In 620, 1if DCI is not masked with C3-RNTI, then thes UE
determines whether all NDI fields in the DCI are equal to 0. In
625, if at least one of the NDI fields is not 0, then the grant
is a dynamic grant for retransmissions of the HARQ process ID in
the DCI. n NDI are all 0, then the UE
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determines whether the HARQ process ID is 0. 1In 635, if the
HARQ process ID is not 0, then the grant is ignored. In 640, 1f
the HARQ process ID is 0, then it is determined whether the FDRA
fields are all egqual to 1. In €45, 1if the FDRA fields are all

to 1,

the CG

e hen s released. In 650, if the FDRA fields
are not all eqgual tc 1, then the CG i1is activated.

(008417
ndicat

which

PUSCH

of

..... a CG d be retransmitited. In the
DCI for the retransmission of multiple TBs, following the CG
with multiple PUSCH, the HAR(Q process field is set to indicate
the HARQ process ID corresponding to the first PUSCH in the CG.

Additionally,

The

PUSC

: T
T -y =l
chne H.

interpreted by
number of TBs

.

in the DCI, there is a new field to indicate which
retransmitted.
field bit length may be equal Lo the

]Qak]mhm/”'“ﬁf] guxr

o
<

d number of

rPUSCHs

field may be a new field, or may be re-
other fields (e.g., CBGTI fields 1n DCI). If the
0 be retransmitted Y (e.g., the number of 1ls in

the bit field) is smaller than the number of SLIVs of the TDRA
table entry indicated by the DCI, the following options mayv be
used. In a first option, only the first ¥ wvalues of the SLIVs
in the TDRA table entry are used. In a second cption, only the
last Y wvalues of the SLIVs in the TDRA table entry are used. In
a third option, only the configured ¥ wvalues of the SLIVs in the

TDRA table

applied to the
multiple PDSCH

&l

v are used.
bove described exemplary embodiments may be

retransmissi of 3PS with

ons

configuration

well.

as
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Examples

L0087 In a
configured to
user equipnment

uration

single period
parameter for

ccesses

The UE a downl

activ ng the
vrocess 1D for

DSCH tra

associated
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first example, a processor of a bkase station is
rerform operations comprising transmitting to a
(UE) & semi-persistent scheduling (SPS3)
for physical downlink shared channel (PDSCH)
wherein multiple PDSCHs are transmitted within a
of the 3PS, the 3PS configuration including a
a number of hybrid automatic repeat request (HARQ)

with the SPS

ink contrcl information

™0
>

SPS configuration, the DCI including a HARQ
one of the PDSCH transmissions in the SPS

wherelin the UE determines a maximum number of
wherel the U etermines a maximun number of

=nsmnissions allowed within the single period based on
the parameter for the number of HARQ processes associated with
the 5PS configuration and tramsmitting tce the UE the multiple
PDSCH transmissions within the single SPS period.

In a second example, the processor of the first
wherein the HARQ process ID for a first one of the
nsmissicns in a first period of the SPS configuration

is determined based on a formula for calculating the HARQ

process ID, wherein the formula is dependent on a slot index
the first PDSCH transmission.

008917 In a third example, the processor of the second
example, wherein subsequent PDSCH transmissions within the £
reriod are incremented by 1, independent of a slot index for
subsequent PDSCH transmissions.

~
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In a fourth example, the processor of the third
e, wherein, in subsequent periods o

f
uration, a HARQ process ID for the PDSCH transmissions is

determined according the HARQ process ID determination for the

[0081]
exampl
period

subseqg

ot

continu

the su

i ST
the SP

the fo

[0023]

exampl

DCT is

(00841

used ©

trans

ransm

le, wherein the SPS configuration includes a sequence o

In a fifth example, the processor of the second
T

ransmissions within the first

<
E}.
¢l
[
()
[y
-3
(ﬂ
U
(ﬂ

€, sequent PDSCH

are incremented by 1, independent of a slot index for the
unent PDSCH transmissions, and subsequent PDSCH

issions in subsequent periods of the 3PS configuration

.

e to be incremented by 1, independent of a slot index for
bzeguent PDSCH transmissions in the subsequent periods of
S configurati

In a sixth example, the processor of the second
e, wherein a HARQ process ID for all of the PDSECH
iigsions in the SPS configuration is calculated based on

rmula.

r-'u
ps
¢

In a seventh example, the processor of the firs

1]

e, wherein a new data indicator {(NDI) in the activation

a single bit.

In an eighth example, the processor of the first
e, wherein a time domain resource al

o determine the time domain rescurces for the PDSCH

In a ninth example, the processor of the first

h

AggregationFactor parameters, wherein each of the pdsch-

a4
Rl o]

o]
3

[u
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AggregationFactor parameters corresponds to a different

Lrocessor of a user @IU.:L‘DTG‘L

8]
C

(00967 In a tenth example,
(UE) is configured to perform operations comprising receiving
from a base station a configured grant (CG) configuration for

physical uplink shared channel {PUSCH) transmissions wherein

_,
=
o
:,__4
s
o
@]
P
D
-

PUSCHs are transmitted within a single period of the
°G, the CG configuration including a parameter for a number of
hybrid automatic repeat request (HARQ) processes associated with
the CG configuration, receiving from the base station a downlink
control information {(DCI) transmission for act

configuration, the DCI including a HARQ process ID £

o
]
=)
D
O
Fh

the PUSCH transmissions in the CG configuration, wherein the UE
determines a maximum nuxber of PUSCH transmissions allowed

within the single period base

Q,
@]
o]
lui
)
D
T
¢
=
W
3
D
t
D
=
h
O
[
-1
-
4]

nunber

).

h

HARQ processes assoclated with the CG configuration,
validating the DCI to determine time domalin r
the PUSCH transmission and transmitting to the base station the
nultiple PUSCH fransmissions within the singl

[0087] In an eleventh example, the processor of the tenth

-

example, wherein the CG configuration includes a seguence of
repK parameters and repK-RV parameters, wherein each of the repK
and repK-RV parameters corresponds to a different transport

{TB) in the single period of the CG.

[0088] In a twelfth example, the processor of the tenth

example, wherein a time domain resource allocation (TDRA) table

used to determine the time domain resources for the PUSCH



WO 2023/010486 PCT/CN2021/111052

[009%8] In a thirteenth example, the processor of the tenth
example, wherein the DCI is validated based on the HARQ process
D included in the DCI being equal to a smallest HARQ process ID

configured in the CG configuration.

Lainnin }
o
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et
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3
o
h
O
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,_L

rteenth example, the processor of the tenth

o
3

example, wherein the DCI is validated based on the HARQ process
ID included in the DCI being equal to a largest HARQ procgess ID
configured in the CG configuration.

roce of the tenth

M
\/‘
C)
=

fO01011] In a fifteenth exanple, the

o

ltiple CG configurations are activated

-
1
L L

in the DCI, the DCI includes a time domain resource location

which CG configurations to

activate
(00102}

et
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h
t
oy
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+
D
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+
vy

The processor
example, wherein the operations further comprise receiving from
the base station a further DCI for retransmissicns of transport

blocks (TBs) that were unsuccessiully decoded by the base

a new data indicator
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retransmissions.

[001041] In a seventeenth exampl the processor of the
gixteenth example, wherein start and length indicator values

(5L.IVs) in a time domain resource a
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Y
O
th
J

in the further DCI is equal to the maximum number PUSCH

Transmissions allowed within the single period.
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ghteenth exampl the processor of the

-

NDI
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seventeenth example, wherein only SLT
t

to 1 are considered wvalid.

001061 In a nineteenth example, tThe processor of the

seventeenth example, wherelin a tota

=
s
ot
SN
o
A
l""
¢ ™

1, wherein a first Y SLIVs cof the are used.
[00107] In a twentieth example, the processor of the
seventeenth example, wherein a total of Y NDI fields are selt to
1, wherein a last Y SLIVs c¢f the TDRA takle are used.
(o108} In

twenty first example, the processor of the

)

[

seventeenth example, wherein a total of ¥ NDI fields are set to
1, wherein a number Y SLIVs are used according to a network

configuration.

[00108] In a twenty second example, the processor of the
sixteenth example, wherelin a number of time domain resource
allocation (TDRA) or freguency domain resource allocation (FDRA)

ol

» a number of NDI fields set

-

field in the further DCI is equal t

{

o 1, wherein the TDRA or FDRA field iz one-to-one mapped Lo the

cf
C

e A, - 1 4 ~ F“
retransmizsion Rs,

[00110] In a twenty third example, the processor of the
fifteenth example, wherein a HARQ process field in the further

DCTI indicates a HARQ process to a first PUSCH
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C‘
H
@
e
G
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Y
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transmission in the CG.
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[00111] In a twenty fourth example, the processor of the
twenty third example, wherein a field in the further DCI
indicates which TBs are to be transmitted.
In twenty fifth exanp he processcr ¢f the twenty

00112 In a venty fifth ample, tThe cocessor ¢f t© twenty
fourth example, wherein a bit length of the field is equal to a
number of configured PUSCH in the CG, wherein each bit 1s used
Lo indicate whether to retransmit the corresponding PUSCH.
[00113] In a twenty sixth example, the processor of the twenty

exampl wherein the field is a

fourth

=

Fh

new field or a re-

a twenty seventh example, the processor of the
example, wherein the re-interpreted field is a code
block group transmission information (CBGTI) >1d
[00115] In a twenty eighth example, the processor of the
twenty fourth example, wherein a number Y of TBs to be
retransmitted is smaller than a number of SLIVs of & time domain
resource allocation (TDRA} table entry indicated by the further

DCT.

001161} In a twenty ninth example,

hth

eligh example, wherein cnly a first Y

are

(00117}

eightl

ighth example, wherein only a last Y v
table are used.

(@3]
U

e processor of the twenty
values of SLIV in the
rocessor of the twenty
alues of SLIV in the TDRA
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[00118] In a thirty first

~ example, the processor of the twenty

eighth example, wherein Y wvalues of SLIV in the TDRA table are

001191} In a thirty second example, a processor of a base
station configured to perform coperations comprising transmitiing
to a user equipment (UE) a configured grant (CG) configuration

for physical uplink shared channel (PUSCH) transmissions whereiln

nultiple PUSCHs are transmitted within a single period of the
°G, the CG configuration including a parameter for a number of
hybrid automatic repeat request (HARQ) processes associated with

the CG conficguration, ftransmitting to the UE a downlink control

7

information (DCI) transmission for activating the CG

configuration, the DCI including
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the PUSCH transmissions in the CG configuration, wherein the UE
determines a maximum nuxber of PUSCH transmissions allowed
within the single period based on the parameter for the number
of HARQ processes assoclated with the CG configuration and
Transmitting to the UE the multiple PUSCH transmissions within

the single CG period.

[00120] In a thirty third example, the processor of the thirt
gsecond example, wherein the HARQ process ID £

the PUSCH transmissions in a first period of the CG

configuration is determined based on a formula for calculati

i..l
)
\Q

the HARQ process ID, wherein the formula is dependent on

&)
on
[
N
S
lms

index for the first PUSCH transmission.

[00121] In a thirty fourth example, the processor of the
thirty third example, wherein subseguent PUSCH transmissions
within the first period are incremented by 1, independent of &

slot index for the subseguent PUSCH transmissions
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[00122] In a thirty fifth example, the processor of the thirty

fourth example, wherein, in subsequent periocds of the CG
configuration, a HARQ process ID for the PUSCH transmissions 1is

determined according the HARQ process ID determination for the

[00123] In a thirty sixth example, the processor of the thirty
third example, wherein subseguent PUSCH transmissions within the

first period are incremented by 1, independent of a slot index

For the subsequent PUSCH transmissions, and subseguent PUSCH

transmissions in subsequent periods of the CG configuration

.

ontinue to be incremented by 1, independent of a sglot index forx
the subsequent PUSCH transmissions in the subsequent periods of

the C5 configuration.

[00124] In a thirty seventh example, the processocr of the
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ID for all
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n

thirty third example,
—

USCH transmissions in the CG configuration is ca

pont
&)

on the formula.
[00125] In a thirty eighth example, the processor of the
thirty sgecond example, wherein the CG configuration includes a

sequence of repK parameters and repK-RV parameters, wherein each

C
-
ot
ft
s
®
~

repR and repK-RV parameters corresponds to a different

transport block (TB) in the single period of the CG.

[00126] In a thirty ninth example, the processor of the thirty

ple, wherein a time domain rescource allocaticn {(TDRA)
table used to determine the time domain rescources for The PUSCH

ansmissions is included in the CG configuration.

37
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[00127] In a fortieth example, the processor of the thirty

N

second example, wherein the operation

h
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h ompri
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transmitting to the UE a further

1
N

Y
~

4

‘or retransmissions of

,..
-

PR - PP PR RPN Jo /T N F O . vy =S T | R N | 1 PO
transport blocks {(TBs) that were unsuccessfully decoded by the

Fo01281 In a forty first example, the processor of the

fortieth example, wherein the further DCI inciudes a new data
I

indicator (NDI} field set to 1 for at least one FUSCH and the UR

determines, based on the NDI field set to 1, that the DCI is for

~

[00128] In a forty second example, the processor of the forty

first example, wherein a number of start and length indicator

values (SLIVs) in a time domaln
entry in the further DCI 1s equal to the maximum number of PUSCH

transmissions allowed within the single period.

™
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h
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Ty third example, the processcr of the forty

|63
D
@]

ond example, wherein only SLIVs corresponding to the NDI

h
[
)
-

ds set to 1 are considered valid.

00131 In a forty fourth example, the processor of the forty
z i 7 Y

el
A
=
O

second example, wherein a total of Y NDI fields are set to 1,

-~

wherein a first Y SLIVs of the TDRA table are used.

] In a forty fifth example, the processor of the forty

‘DI fields are set to 1,
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wherein a number Y S5LIVs are used according to a n
configuration.
001343 In a forty seventh example, the processor

irst example, wherein a number of time domain reso
allocation (TDRA) or freguency domain resource allo

A
o

CI is egual to number of N

DI fie

PCT/CN2021/111052

of the forty
urce

lexs)
il

cati {FDRA)

selt

to 1, wherein tThe TDRA cor FDRA field is ocone-to-one mapped to the
retransmission TBs.

[C0135] In a forty eighth example, the processor of the
fortieth example, wherein a HARQ process field in the further

DCI indicates a HARQ process ID corresponding to a
fLransmission in the CG.
F001361 In a forty ninth example, The processcr o

eighth where further DCI

in

which TBsg are to be transmitted.
[00137] In a fiftieth example, the processor of t
ninth example, wherein a bilt length of the field is

number of configured PUSCH in the CG, wherein each

Lo indicate whether to retransmit the corresgponding
(00138} In a fifty first example, the processcr o
ninth example, wherein the field is a new field or

interpreted field.

(001381 In a fifty second example, the processor

first example, whereiln the re-interpreted field is

g ¥

grc transmission information

v}

cup (CBGT

N
Ty i

(@8]
X9)
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PUSCH

f

th
O
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the

s

indicates

a re-
of the fifty
a code block
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[00140] In a Ty example, the processor o© rhy
ninth example, wherein a number Y ¢f TBs to be retransmitted is
smaller than a number of SLIVs of a time domain resource
allocation (TDRA) table entry indicated by the further DCI.
[00141] In a fifty fourth example, the processor of the fifty
third example, wherein only a first Y values of SLIV in the TDRA
table a used.

[00142] In a fifty fifth the processor of the filfty

third example, wherein
table are used.
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[00143] a

third exampl wherein
used according to a

] Th skill

ose

s h

suitable tware or
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netw

ed

i bed CY"TP ary

P
a

ixth

t Y values of SLIV

example, the processor of th

3

Y in the TDRA table are

th

o S
values of SLIV

ork configuration.

in the art will understand

embodiments may

&3}

Ty A

rdware configurat]

therecof. An exemplary hardware platform for implementing the
exemplary embodiments may include, for example, an Intel x86

based platform with compatible operating system, a Windows CS, a
Mac platform and MAC CS, a mobile device having an operating
system such as 103, Android, etc. In a further example, the
exemplary embodiments of the above described method may be
embodied as a program containing lines of code stored on a non-

mputer

~
1%

(001451}

each having different

eadable

ro

h

storage medium that,

Cessor or mic Croprocessor.

\ithough this application described various aspects
eatures in various those
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not functionally or logically inconsistent with the ope
the device or the ated functions of the disciosed asp
001481 It is well understood that the use of persona
identifiable information should follow privacy policies
and practices that are generally recognized as meeting

exceeding industry or governmental
the privacy of users. In particular, perscnally i
information data should be managed and handled so

risks of unintentional or unauthorized access or
nature of authorized use should be clearly indica

F00147] nt to those skilled in
various mao be made in the present

im
¥
[

ut departing from the spiri the scope

it is intended that the

variations of this discl

scope of the appended claims

equivalent.
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Claims

i, A processor of a us
»perations comprising:

Yy

{(5P3) configuration for physical downl
transmissions wherein multiple PDSCHs
single period of the 8PS, the 3PS cont

a numbexr

-

processes associated with the 5PS conf
receliving from the base staticn a
information (DCI) transmission for acti
configuration, the DCI including a HAR
the PDSCHE transmissions in the SPS con
determines a maximum number of PDSCH t

within the single period based on the
of HARQ processes associlated with fthe
validating the DCI to determine t
use for the )SCH tCransmlsslon; and
receilving from the base station t
transmissions within the singile 5P3 pe
2. The processor of claim 1, wherein
allocation {TDRA) table used to determ

~ T
L

hybrid

resources for the PDSCH transmissions
TDRA table entry has start and length

3. The processor of
TDRA table entry is a fi:
entry.

claim

~TY
3
L

FDS tx

2, wWherein

rst X numberx

42

auvtomat

>f
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emi-persistent scheduling
ink shared channel (PDSCH)

are transmitted within a
iguration including a

ic repeat request (HARQ)
iguration;
downlink control
ivatis the SPS
O process ID for one of
figuration, wherein the UE
ransmissions allowec

parameter for the number

a C‘

S5PS configuration:
ime domain resources to

a time domain resource

ine the time domain

o)
J

h

ed so that eac

(“T

is adius

9]

€
IV

i

(ST

w2

indicator wvalues

@

ransmissions allowed
the SLIVs used for each
SLIVe in the TDRA table
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4. The processor of claim 2, wherein the SLIVs used for each
TDRA table entry is a last X number of SLIVs in the TDRA table
entry.

5. The processor of claim 2, wherein the SLIVs used for each
TDRA table entry depends on a network configuration.

6. The processor of claim 1, wherein the HARQ process ID for a
first one of the PDSCH transmissions in a first period of the
SP3 configuration is determined based on a formula for
calculating the HARQ process 1D, wherein the formula is
dependent on a slot index for the first PDSCH transmission.
7. The processor of claim &, wherein subsequent PDSCH
transmissions within the first period are incremented by 1,
independent of a slot index for the subseguent PDSCH
transmissions
3. The processcr of claim 7, wherein, in subsequent pericds of
the SPS configuration, a HARQ process ID for the PDSCH
transmissions is determined according the HARQ process ID
determination for the first period.
9. The processor of c¢laim 6, wherein subsequent PDSCH
Transmisgsions within the first period are incremented by 1,
independent of a slot index for the subseguent PDSCH
transmissions, and subsequent PDSCH transmissiocons in subseguent

periods of the 8PS configuraticn continue to be incremented by
1, independent of a slot index for the subseguent PDSCH
transmissions in the subsequent periods of the SFS

configuration.

43
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10. The processor of claim 6, wherein a HARQ process ID for all

0f the PDSCH transmissions in the SPS configuration is

11. The processor of c¢laim 1, wherein a new data indicator

(NDI) in the activation DCI is a single bit.

2. The processor of claim 1, wherein a time domain resource

allocation {(TDRA) table used to determine the time domain

resources for the PDSCH transmissions i1is included in the SES

configuration.

i - ST S e ey b5 - e
the DCI is validated

-

-

3. The processor of claim 1, where

in the DCI being egual

" »

j—

based on the HARQ process ID included

. to

P

a smallest HARQ process ID configured in the 3PS configuration.

; wherein the DCI is validated
based on the HARQ process ID included in the DCI being egual to

igured in the SPS configuration.
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15. The processor of ¢laim 1, wherein, when multiple 3PS

configurations are activated in the DCI, the DCI includes a time
domain resource allocation {(TDRA} table entryv indicating which
SPS configurations to activate jeintly.

S configuration

o

, wherein the S
includes a seguence of pdsch-AggregationFactor parameters,

sch-AggregationFactor paramster
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corresponds to a different transport block (TB) in the sing

period of the SPS configuration.
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17. A processor of a user equipment (UE) configured to perform
operations comprisings:
~

recelving from a base station a configured grant (CG)
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e period of the CG, the CG configuration inc
prarameter for a number of hybrid automatic repealt reguest (HARD)

DrocCesses agsocia
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ed with the CG configuration:
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recelving

information (DCI) transmission for activating the CG

configuration, the DCI including a HARQ process ID for one of
the PUSCH transmissions in the CG configuration, wherein the UE

PTTQE] 4 e o o ~ ey} e T -]
PUSCH transmissions allowed

h

determines a maximum number of

within the single period based on the parameter for the number

fw] >

b HARQ processes assoclated with the CG configuration;

h

validating the DCI to determine time domain resources to

use for the PUSCH transmission; and

Transmitting to the base station the multiple PUSCH
Ttransmissions within the single CG period.

18. The processor of ¢laim 17, wherein a time domaln resource
allocation (TDRA) table used tco determine the time domain
resources for the PUSCH transmissions is adiusted so that each

TDRA table entry has start and length indicator values (SLIVs)

equal to the maximum number of PUSCH transmissicns allowed

D

cd gl . Lt T e e
within the single period.

19, The processcoy of c¢laim 18, wherein the SLIVs used for each
TDRA table entry is a first ¥ number of SLIVs in the TDRA table

entry.

W
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20.
TDRA tab

entry.

21. S O

J

The proces f clai

~ 7
) L

TDRA table entry

22. The processor of clai
a first one of the PUSCH

is

calculating the HARQ procs
dependent on a slot index

trangsmissions within the £
independent of a slot inde

24, The processcr of clai:
of the CG configuration, a

rtransmissions is determine

determination for the firs

25. The processor of claim 22, wherein subseqguent
transmissicns within the first period are increm

depends on

m

1 e e e OT TV
m 18, wherein the SLIVs

I4

a network configurati

23,

HARQ process ID for th
d according to the HARQ

st period.

independent of a slot index for the subseguent PI
transmissions, and subseguent PUSCH transmissions

periods of the CG configuration continue to ke
independent of a slot index for the subseguent PU
transmissions in the subsequent periocds of the CG

.
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m 17, wherein the HARQ proce
ransmigssions in a first peri

determined based on a formula for
ss 1D, wherein the formula i
for the first PUSCH transmis
im 22, wherein subsequent PUS
lrst period are incremented
x for the subsequent PUSCH
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26. The processor of claim 22, wherein a HARD process ID for
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receiving from the base station a further DCI for

retransmissions of transport klocks (TRs) that were

unsuccessfully decoded by the base station.
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